We present the first terrestrial measurement of the Landé g factor of the 5D Along with values for the g factors of the 6S 1/2 , 6P 1/2 , 6P 3/2 and 5D 3/2 , this completes the measurement of g factors for all low-lying (infrared and visible) atomic states of BaII [19, 20] .
Single trapped ions continually prove themselves to be a valuable physical system for highprecision measurements motivated by study of the variation of fundamental constants [1] [2] [3] , the construction of frequency standards [4, 5] and for tests of violations of fundamental symmetries and physics beyond the standard model [6] . Their value is largely attributable to their long trapping times which allow rapid accumulation of statistics, and since inhomogeneous broadening effects are very small, linewidths can be very narrow [7] [8] [9] . Barium is of particular interest because of its potential for experimental observation of atomic parity nonconservation [10] . To date, comprehensive studies of the lifetimes of metastable states [11] , hyperfine parameters of the odd isotopes 135 Ba + and 137 Ba + and isotope shifts [12] and branching ratios [13] have all been performed. Also, barium provides a means by which to test models of nuclear structure, in particular a comparison between calculated and measured higher order nuclear moments [14] . Ab initio calculations are often not possible and require experimental input of atomic parameters. We present the first precision measurement of the Landé g factor of the 5D 5/2 state of BaII, which we find to differ significantly from previously the accepted value of 1.12, derived from astronomical observation [15] [16] [17] [18] .
Along with values for the g factors of the 6S 1/2 , 6P 1/2 , 6P 3/2 and 5D 3/2 , this completes the measurement of g factors for all low-lying (infrared and visible) atomic states of BaII [19, 20] .
For this experiment we perform high precision optical spectroscopy on single trapped
138 Ba + ions. Neutral barium is photoionized by a two-step process; first, we excite an intercombination transition at 791 nm with an external cavity diode laser (ECDL) and then subsequently ionize these excited atoms with pulses from a nitrogen laser at 337 nm.
The first step allows for isotope selection [21] . The ions are confined in a radio frequency We obtain a spectrum of peaks with typical widths of approximately 50 kHz that shift monotonically with changing field coil current. Peak heights near the central frequency of the single-pass AOM are 30-50% dark state probability at each frequency step without optical pumping as is to be expected because the two ground state Zeeman levels are equally occupied. Optical pumping for 200 µs prior to sending the 1.762 µm laser pulse extinguishes transitions that originate from the m J = +1/2 Zeeman sublevel, while increasing the peak heights to over 90% dark state probability for those which originate from the m J = −1/2 level. We differentiate micromotion sideband transitions from carrier transitions by their relative strengths; carrier Rabi oscillations between the ground state and excited state have typical π pulse times of 10 µs while those on sidebands are two to three times as long.
We clearly observe a carrier transition and its first micromotion sideband, which consistently shift parallel to one another with changing current as indicated in figure 2 (a). Using these lines we can precisely determine the trap RF frequency Ω trap to be 12.3759 ± 0.0025
MHz, in excellent agreement with direct measurement of this frequency. A second pair of lines which exhibits the same characteristics but whose transition frequency increases with increasing field was also observed. Optical pumping enhances the first pair but extinguishes the second. We thus conclude that these lines originate from ground state Zeeman levels of opposite spin. Two weaker lines which converge to a frequency approximately 24.6 MHz higher at zero coil current than the other two measured carriers and display opposite behavior when optically pumped were observed as shown in figure 2(a) . These correspond to second order micromotion sidebands, since their zero current frequency is higher than the zero current frequency of observed carrier transitions by an amount equal to exactly twice the trap frequency.
The error in bright/dark counts is taken to be binomial and the spectral features are fit with a Lorentzian to obtain the precise central frequency of transitions. The statistical uncertainty in peak positions is typically one to several kHz. Because the 6S 1/2 → 5D 5/2 transition is an electric quadrupole transition, ∆m=0, 1 or 2 transitions are all in principle allowed by selection rules. However, because the k-vector of the 1.762 µm laser is perpendicular to the quantization axis set by the B-field, the radiation pattern for ∆m = 0 transitions suppresses those features and they were never observed in the measured spectra. The polarization of the 1.762 µm laser and radiation patterns allow both ∆m = 1 and 2 transitions, with the latter being slightly stronger [24] . Expected carrier transitions and relative shifts are shown in figure 1(b) . Fig. 1(b) . Taking the magnetic field and zero field frequency to be unknown parameters and eliminating their dependence by strictly using frequency differences among measured lines at individual values for the magnetic field, we algebraically solve for the ratio of the g factors of the two states. The g factor ratio as calculated from the four different measured lines agree to within the statistical error, as do the value for the ratio at different coil current. We are further able to solve for the applied field and find that we apply 0.067 mT of magnetic field for each amp of coil current, to a maximum of 0. We suspect several sources of systematic error. Because we are not concerned with linewidths or transition strengths, we consider only effects that influence the relative frequencies of features in an individual run. Two sources of error related to trapping parameters are the variation of the ion's position with respect to the magnetic field and AC Zeeman shifts caused by currents induced in the trap by the high RF voltages. We estimate the former to be of the level of 10 −4 as the ion's position varies by much less than a few microns over the course of the experiment, as observed on a electron-multiplied CCD camera, and magnetic gradients are of the order 40 nT/µm. AC Zeeman shifts have been seen to affect g factor measurements, albeit at the 10 −4 level in slightly different trap geometries [27] , but these are highly suppressed in our trap design because of the large distance between the ion and the nearest grounded electrode through which current is able to pass to ground.
Several potential sources of frequency error are related to the shelving laser itself. Drifts can occur both on the locking cavity due to pressure or temperature variations and in the phase of the 60 Hz AC voltage to which the beginning of the shelving pulse is triggered. This is only a problem during the course of a single run at each individual magnetic field, since the extraction of the g factor comes from each field value rather than a fit as a function of field. We can use the observed change in the position of the 6S 1/2 → 5D 5/2 transition as a combined measure of these effects. We extract the central (non Zeeman-shifted) value for the 6S 1/2 → 5D 5/2 transition, which lies midway between the ∆m = +1 from 6S 1/2 ; m J = −1/2 and ∆m = −1 from 6S 1/2 ; m J = +1/2 transitions. This value agrees to within 4 kHz for the different values of coil current. From this uncertainty we estimate that the shift over the course of an individual run, which is at most one hour in duration, is at worst a few kHz. This represents the dominant contribution to the systematic uncertainty and we can safely assume the overall systematic error in the g factor measurement to be ±0.0001.
In conclusion, we have measured the Landé g factor of the 5D 5/2 state of the Ba + ion to be 1.2020 ± 0.0005 stat ± 0.0001 sys , a significant improvement over the uncertainty of previously published values. We find that it differs significantly from previous measurements. With its importance for experiments testing nuclear structure, parity nonconservation and for applications as a frequency standard, barium's atomic structure is of continued interest, both theoretically and for future experimental study.
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